The peptidoglycan of Corynebacterium pyogenes and 'Corynebacterium haemolyticum' contained lysine as the dibasic amino acid. In addition, glutamic acid and alanine were detected in the hydrolysates. Thin-layer chromatographic analysis of whole-organism methanolysates of C. pyogenes and 'C. haemolyticum' revealed the presence of single spots corresponding to simple non-hydroxylated fatty acid methyl esters. The major fatty acid structural types were straight-chain and monounsaturated acids. Menaquinones (vitamin K)
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The peptidoglycan of Corynebacterium pyogenes and 'Corynebacterium haemolyticum' contained lysine as the dibasic amino acid. In addition, glutamic acid and alanine were detected in the hydrolysates. Thin-layer chromatographic analysis of whole-organism methanolysates of C. pyogenes and 'C. haemolyticum' revealed the presence of single spots corresponding to simple non-hydroxylated fatty acid methyl esters. The major fatty acid structural types were straight-chain and monounsaturated acids. Menaquinones (vitamin K) were the sole respiratory quinones detected in C. pyogenes and 'C. haemolyticum *. The major menaquinone components in C. pyogenes were tetrahydrogenated with ten isoprene units. Tetrahydrogenated menaquinones with nine isoprene units, however, predominated in 'C. haemolyticum'. The results of the present study indicate that C. pyogenes and 'C. haernolyticum' should be excluded from the genus Corynebacterium: C. pyogenes can be accommodated in the genus Actinomyces but the taxonomic position of 'C. haemolyticum ' remains equivocal.
I N T R O D U C T I O N
Corynebacterium pyogenes is well recognized as the causative agent of a variety of pyogenic infections in man and domestic animals (Wilson & Miles, 1975) . However, the species bears little similarity to other animal pathogenic corynebacteria and its retention within the genus Corynebacterium has been questioned by several workers (Barksdale et al., 1957; Cummins & Harris, 1956; Barksdale, 1970; Goodfellow et al., 1976; Jones, 1975; Minnikin et al., 1978) . In addition, the relationship of C. pyogenes to the species Corynebacterium haemolyticum (MacLean et al., 1946 ) remains unclear. Cummins & Harris (1956 analysed the cell walls of representative strains of C. pyogenes and C. haemolyticum, and on this basis suggested that both species were very closely related to the streptococci. This view was upheld by Barksdale et al. (1957) who suggested not only that C. pyogenes and C. haemolyticum should be reclassified in the genus Streptococcus, but that C. haemolyticum was but a mutant form of C. pyogenes. The same authors noted that the serological cross-reactions between cell wall extracts of C. pyogenes and group G streptococcal antiserum supported this reclassification (Barksdale et al., 1957 Crombach, 1978; Keddie & Cure, 1977 , 1978 Minnikin et al., 1978) . In the present study, the cell walls, isoprenoid quinones and fatty acid profiles of C. pyogenes and 'C. haemolyticum' have been examined in an attempt to clarify their taxonomy.
M E T H O D S
Cultures and cultivation. The test strains listed in Table 1 were maintained on blood agar slopes at room temperature, and cultivated in static brain heart infusion broth (Oxoid) at 30 " C for 5 d. Cultures were checked for purity at maximum growth, harvested by centrifugation (10000 g), washed with distilled water and freeze-dried.
Peptidoglycan analysis. Purified cell walls were prepared from about 500 mg of dried organisms (Schleifer & Kandler, 1972) . The qualitative amino acid compositions of the complete cell wall hydrolysates were determined by paper chromatography as described by Schleifer & Kandler (1972) .
Extraction and analysis of fatty acid methyl esters. Dried organisms (about 50 mg) were examined using the acid methanolysis and thin-layer chromatography (t.1.c.) procedure described by Minnikin et al. ( 1975) . Fatty acid methyl esters were purified by preparative t.1.c. on Merck silica gel PF254+366 plates (0.4 mm thick) using petroleum ether (b.p. 60-80 "C)/diethyl ether (85 : 15, v/v) as developing solvent. The fatty acid methyl esters were located by viewing under ultraviolet light (366 nm) and eluted from the gel with hexane. For the analysis of the fatty acid methyl esters, a Varian 2700 flame-ionization gas chromatograph, with a stream-splitter injection system, fitted with capillary columns was used; helium was the carrier gas. Analyses were performed using both non-polar (50 m, OV 10 1 ; Macherey-Nagel, Duren, F.R.G.) and polar (50 m, FFAP; Macherey-Nagel, Duren, F.R.G.) wall-coated open tubular (WCOT) columns, operated isothermally at 220 O C . The identity of individual esters was established by comparing their retention times with those of standard mixtures of straight-chain, monounsaturated, anteiso-and iso-methyl-branched-chain esters (Applied Science Laboratories, Branched Chain FAME BC mix-L 19183; Supelco, Bacterial Acid M.E. Mixture 4-54 36). Dihydrosterculic acid (cis-9,l O-methyleneoctadecanoic acid) was obtained from Actinomyces israelii (DSM 43 305). Assignment of fatty acid methyl esters was also assisted by calculation of relative retention times (relative to the methyl ester of palmitic acid) for each stationary phase employed (Ackman, 1969) . The presence of unsaturated fatty acid methyl esters was confirmed by hydrogenation using hydrogen and Pd on charcoal (Merck, Darmstadt, F.R.G.) catalyst. C yclopropane-ring containing esters were not affected by this treatment. The presence of cyclopropane-ring containing esters was confirmed by treating the hydrogenated samples with bromine (Brian & Gardner, 1968) . The relative proportions of the fatty acid esters was determined with a Varian integrator (model CDS 101).
Extraction, puriJcation and analysis of isoprenoid quinones. Dried organisms (50-100 mg) were examined using the procedure described by Collins et al. (1977) . Purified quinones were further examined by reverse-phase partition chromatography using Merck HPTLC RP-1 8FZ5, reverse-phase t.1.c. plates and a polar developing mixture of acetone/water (99: 1, v/v> as described previously (Collins et al., 19806) . Ultraviolet spectra of the quinones were recorded in iso-octane. Mass spectra of the isoprenoid quinones were recorded on an AEI MS9 instrument using a direct insertion probe, an ionizing voltage of 70 eV and a temperature range of 20CL220 "C.
R E S U L T S A N D D I S C U S S I O N
The purified peptidoglycan of C. pyogenes and 'C. haernolyticurn' contained lysine as the dibasic amino acid. In addition, alanine and glutamic acid were present in the hydrolysates. Work is in progress to elucidate the detailed peptidoglycan structures of C. pyogenes and 'C. haemolyticurn'. However, the presence of lysine in the walls of both taxa is in accord with the reports of Cummins & Harris (1956) and supports the case for removing them from the genus Corynebacteriurn sensu stricto (Keddie & Cure, 1978; Minnikin et al., 1978) .
Whole-organism methanolysates of all the test strains showed the presence on t.1.c. of single spots corresponding to non-hydroxylated long-chain fatty acid methyl esters (Minnikin et af., 1975 (Minnikin et af., , 1978 . The non-hydroxylated fatty acids were composed of predominantly straight-chain and monounsaturated acids. Methyl-branched-chain fatty acids (anteiso-, iso-) were present in only very small amounts. Tetradecanoic acid (14:0, see Table 2 ) and hexadecanoic acid ( 16 : 0) predominated in C. pyogenes although octadecenoic acid (oleic acid, 18 : 1 w9) was also present in large amounts. In contrast, octadecenoic acid (1 8 : 1 w9) was the major component in 'C. haemolyticum' with hexadecanoic and octadecanoic acids also present in large amounts; tetradecanoic acid, however, was present in only trace amounts. Quantitative fatty acid data for the test strains are shown in Table 2 . The absence of mycolic acids in C. pyogenes and 'C. haernolyticurn' is in accord with the previous report of Goodfellow et al. (1976) , and strengthens the case (Jones, 1975; Minnikin et al., 1978) for removing these taxa from the genus Corynebacteriurn sensu stricto. The presence of predominantly straight-chain and monounsaturated fatty acids in C. pyogenes is not in accord with the report of primarily iso-methyl-branched and straight-chain acids in a single strain of C. pyogenes (no. 3429, National Communicable Disease Center) by Moss et al. (1969) . In the present study, several strains (including the type strain) of C. pyogenes obtained from several culture collections were employed. The fatty acid data do not support the view of Barksdale et al. (1957) and Cummins & Harris (1956) that C. pyogenes and 'C. haemolyticum' should be reclassified in the genus Streptococcus. Members of the families Streptococcaceae and Lactobacillaceae generally contain major amounts of monounsaturated fatty acids of the cis-vaccenic acid series (18: 1 w7) whereas those from C. pyogenes and 'C. haemolyticum' are primarily of the oleic acid series (18 : 1 w9) (Lechevalier, 1977; Kroppenstedt & Kutzner, 1978) (Table 2 ). The absence of mycolic acids and the presence of predominantly straight-chain and monounsaturated (oleic acid series) fatty acids in C. pyogenes and 'C. haemolyticurn' is, however, compatible with members of the genus Actinomyces (Kroppenstedt & Kutzner, 1978) .
Components that co-chromatographed with vitamin K were the only respiratory quinones detected in C. pyogenes and 'C. haernolyticum'. On examination by U.V. spectroscopy the isoprenoid quinones displayed absorption maxima at 242, 248, 260, 270 and 326 nm, in accordance with published data for menaquinones (Dunphy & Brodie, 1971) . The mass spectra of all the menaquinone samples showed intense peaks at m/e 187 and 225 derived from the naphthoquinone nucleus, as expected from published data (Collins et al., 1977) . The mass spectra in the high mass region contained strong peaks corresponding to molecular ions (M+), with small peaks at M+ -15 corresponding to the loss of a methyl group from the molecular ion. Details of the mass spectral analyses of the menaquinones are shown in Table  3 . Tetrahydrogenated menaquinones with ten isoprene units [abbreviated as MK-lO(H,)J predominated in C. pyogenes although small amounts of were also detected in the mass spectra. In contrast, tetrahydrogenated menaquinones with nine isoprene units [MK-9(H4)] constituted the major component in 'C. haemolyticum' with trace amounts of MK-9(H2) and MK-8(H$ ( f Relative to hexadecanoic acid methyl ester (1-000) (Ackman, 1969) . menaquinones in C. pyogenes and 'C. haemolyticum' is not in accord with the inclusion of these taxa in the genus Streptococcus (Cummins & Harris, 1956; Barksdale et al., 1957) . The majority of streptococci completely lack respiratory quinones, although some unsaturated naphthoquinones have been detected in a few group D and group N streptococci (Collins & Jones, 1979a, b) . The menaquinone patterns of C. pyogenes and 'C. haemolyticum' are also incompatible with the retention of these species in the genus Corynebacterium. True corynebacteria generally possess dihydrogenated menaquinones with eight and/or nine isoprene units (Collins et al., 1977; Yamada et al., 1976) . Tetrahydrogenated menaquinones with ten and nine isoprene units have, however, been reported in the genera Actinomyces (Collins et al., 1977) and Propionibacterium (Schwartz, 1973; Sone, 1974) , respectively. Although C. pyogenes and 'C. haemolyticum' are phenotypically quite similar (Barksdale et al., 1957) , a numerical taxonomic study which included four strains of C. pyogenes and five strains of 'C. haemolyticum' resulted in the clustering of the strains of these two taxa into two distinct groups (D. Jones & M. D. Collins, unpublished work). The chemical data presented here suggest that C. pyogenes and 'C. haemolyticum' are indeed two distinct taxa.
The results of the lipid analyses are not in accord with the views of previous authors that 'C. haemolyticum' is a mutant of C. pyogenes, and that C. pyogenes should be reclassified in the genus Streptococcus (Cummins & Harris, 1956; Barksdale et al., 1957) . The results do, however, indicate that C. pyogenes is related to Actinomyces bovis, the type species of the genus Actinomyces. The presence of peptidoglycan based on lysine in C. pyogenes supports this view since this amino acid is present in the peptidoglycan of A . bovis (Schleifer & Kandler, 1972) . Corynebacterium pyogenes is physiologically similar to A . bovis in that it exhibits optimum growth on media containing blood or serum incubated in the presence of C02, produces acid fermentatively from a number of sugars, and is usually catalasenegative, although it differs from A . bovis in being actively proteolytic (Cummins et al., 1974; Slack & Gerencser, 1975) . The DNA base ratio of C. pyogenes (58 mol % G + C) is not incompatible with its inclusion in a genus of which A. bovis (DNA base ratio, 63 mol % G + C ;
Johnson & Cummins, 1972) is the type species. The genus Actinomyces, as presently constituted, is heterogeneous especially with regard to the amino acid composition of the cell wall peptidoglycan and the reported DNA base ratio values of the component species. Apart from A . bovis, all the other members of the genus Actinomyces contain ornithine in the cell wall peptidoglycan and the reported base ratios of their DNA range from 54 to 70 mol % G + C (Slack & Gerencser, 1975) . A comparative taxonomic study is required of all the species presently included in the genus Actinomyces in order to clarify their status. However, we believe that the strains presently designated C. pyogenes should be transferred to the genus
M . D . C O L L I N S A N D O T H E R S
Actinomyces as Actinomyces pyogenes comb. nov. because of their close chemical and physiological, similarity to A . bovis, the type species of the genus.
The taxonomic position of 'C. huemolyticum' remains equivocal. The results of lipid analyses do not support the view of Barksdale et al. (1957) that 'C. haemolyticum' is a mutant of C. pyogenes. Phenotypically, 'C. huemolyticum' is very similar to A . bovis and also contains lysine in the cell wall peptidoglycan. The menaquinone composition of 'C. haemolyticum' is distinct from that of A . bovis (Collins et al., 1977) ' and resembles that of the propionibacteria (Schwartz, 1973; Sone, 1974) , but the results of cell wall and fatty acid analyses do not support this latter relationship. On the basis of cell wall and lipid composition, the taxon 'C. haemolyticum' appears quite distinct from all other coryneform and actinomycete taxa examined to date, and may warrant a new genus.
